We present a model for the QCD structure of hadrons as seen in the dipole picture. The model is based on hot spots -regions of large gluonic density -populating the impact parameter space. In our model, the number of hot spots grows with energy and their positions fluctuate event-by-event.
Introduction
Diffractive photoproduction of vector mesons in high-energy interactions is a sensitive probe of the gluon distribution of hadrons in the small-x region, where saturation effects are expected to be important. One of the most standard way to calculate the exclusive and dissociative vector mesons photoproduction is using the Good-Walker formalism [1] . In this formalism, the dissociative photoproduction is calculated as a variance of the amplitude and, therefore, this model is event-by-event fluctuations sensitive.
In high energy physics, it is well known that the number of gluons increases with energy or decreasing Bjorken x. And, at a certain value, the number of gluons is saturated, i.e., they are in a region where the probability of gluon fusion is high.
Assuming the Good-Walker formalism and a hot-spot model, where the number of hot spots increases with energy, similarly as gluons do, it is possible to study saturation effects as was done for the first time in [2] . Since the dissociative photoproduction is calculated as the variance, one can see a decreasing cross section at very high energies. This is because of the high number of hot spots when the transverse profile of the proton is starting to look as a uniform distribution leading to zero variance.
This formalism can be generalized to the nuclear case, as was done in [3] , and used for predictions for UPC measurement at the LHC and RHIC and, for example, for EIC predictions. Moreover, taken into consideration other vector mesons with different masses, one can find the saturation scale at different energies as was demonstrated in [4] .
Exclusive and inclusive VM production
The cross sections for the photoproduction of a vector meson VM off a target T for a photon (transverse (T) or longitudinal (L) polarization) have the forms
for the exclusive or coherent processes, and
for dissociative or incoherent production, where Y represents the dissociative state. R T,L g is the skewedness correction, and ∆ 2 = −t. The amplitude is given by
where Ψ V M is the wave function of the vector meson, Ψ is the wave function of a virtual photon fluctuating into a quark-antiquark color dipole, r is the transverse distance between the quark and the antiquark, and z is the fraction of the longitudinal momentum of the dipole carried by the quark. For more details see [2, 3, 4] .
For proton the dipole cross section was modeled as
and for nuclear target two models were used [3] dσ GG dA
In both cases, the fluctuations are implemented in the profile functions T p/A . For the proton we use
where the position of a hot spot (hs) is a random point extracted from a 2D-Gaussian distribution centered at zero and of width B P related to the size of the proton. For the nuclear case, we sample the position of nucleons using random points from a Wood-Saxon distribution where each nucleon has a hot-spot structure as just described. N hs is a random number drawn from a zero-truncated Poisson distribution, where the Poisson distribution has a mean value [3] N hs (x) = p 0 x p 1 (1 + p 2 √ x).
(2.7)
Results
Figure 1 (left) shows the energy dependence of the cross section for the dissociative production of a vector meson off a proton as a function of W p for ρ 0 , J/ψ and ϒ(1S). The dissociative cross section presents a maximum after which there is a steep descent for J/ψ and the same behavior can be seen also for ρ 0 and ϒ(1S). The position of the maximum is correlated with the mass of the vector meson. Figure 1 (right) shows the cross section for the exclusive production of a vector meson off a proton as a function of W p for different vector mesons. The predictions of the model are compared to the available data from HERA and the LHC. The description of data using our model is quite satisfactory in the whole domain.
For the nuclear case, we study the coherent and incoherent photoproduction of ρ 0 off the following nuclei: Xe, Au, and Pb. The nuclei are modeled with Woods-Saxon distributions. The deformation of the Xenon nucleus is taken into account parameterising the radius of the nucleus as a function of the polar angle. The results of our model for ρ 0 coherent photoproduction off a nucleus (A) at a photon-nucleus centre-of-mass energy W A are shown in Fig. 2 for the GG-hs, GG-n and GS-hs cases. Note, "hs" denotes geometry of using the hot spots, and "n" denotes assuming only nucleons fluctuations. Figure 1 : Energy dependence for ρ 0 , J/ψ, and ϒ(1S) dissociative (left) and exclusive (right) photoproduction off protons as predicted by our model (solid lines) compared to measurements [5, 6] of dissociative and [7, 8, 9, 10, 11] of exclusive protoproduction. Note that the different cross sections are displayed in different units. The approach based on geometric-scaling ideas, GS, is shown with dashed-dotted lines, while the Glauber-Gribov, GG, approach is shown with solid (dotted) lines for the calculation including hot spots (only nucleons). The model is compared to measurements [12, 13, 14, 15, 16] 
Conclusions
The model predicts for J/ψ that the energy dependence of the dissociative process increases from low energies up to W γ p ∼ 500 GeV and then decreases steeply -this energy range can be explored at the LHC.
The physics explanation according to the parton saturation phenomenon is that the growth of the number of scattering centers provides the increase of the exclusive and dissociative cross section. However, at some point, the number of hot spots is so large that they overlap. When the overlap is large enough, different configurations look the same, and the variance diminishes, and so does the dissociative cross section.
The mass and scale dependence of vector meson production provides a new handle in the search for saturation effects -this can be checked experimentally by re-processing data from HERA.
The effects of the energy-dependent hot-spots model can be seen for the nuclear targets in an energy dependence of the ratio of the incoherent to coherent cross sections. This prediction can be tested with already existing data from RHIC and the LHC Run 2.
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